The mean yield of NDV is about o
INTRODUCTION
By fusing human and mouse cells, Wang obtained a hybrid line which was permissive for poliovirus as were the human parental cells (Wang et al. I97O ) . Similarly, a mouse-hamster line was shown to be permissive for polyoma virus as were the mouse parental cells (Basilico, Matsuya & Green, 197o ) . The ability of these hybrid lines to support the multiplication of polio and polyoma viruses was further shown to be due to the part of the chromosomal complement from the permissive parental lines. We present here a similar situation for a monkey-mouse hybrid line infected with either Newcastle Disease virus (NDV) or herpes virus, which were the only viruses so far tested which multiply at high levels in both the monkey parental and the hybrid cells as compared with the mouse parental cells. Because NDV is a potent inducer of interferon, it seemed to us interesting to study the levels and characteristics of the interferon produced by these hybrid cells as well as of those produced by the parental lines.
METHODS
Cells. CV-I, an established line of green monkey kidney cells (Jensen et al. 1964) and MKS-B, a SV4o transformated strain of mouse kidney cells (Dubbs et al. 1967 ) were used respectively between passage 5o and 8o, and passage I5O and 2oo. By fusing these lines, Kit et al. (197o) developed a hybrid cell line, MK-CV m. Clone 4 of this hybrid (Cassingena et al. 1971) was used between passages 29 and 60. It was always subcultured with a medium containing HAGT (see Littlefield, 1965) . This clone at passage 27 contained a few monkey chromosomes and almost the total complement of mouse chromosomes (Cassingena et al. I97I ) . For the duration of experiments, HAGT was omitted from the medium.
Viruses. Stocks of Sindbis (Aegypt A 39) were prepared on primary chick embryo cells (CE), those of vaccinia (Joklik) and vesicular stomatitis virus (VSV, Indiana Strain) on L cells, NDV (L Kansas 48) in the allantoic fluid of I I-day-old eggs and that of herpes (Schealey) on CV-I. Viruses were titrated either on CE (Sindbis, VSV, NDV) or on CV-~ cells (herpes, vaccinia) .
Anti-NDV and anti-herpes sera were obtained from hyperimmunized rabbits.
Virus growth was performed in I-day-old tube cultures (~o ' cells for seeding) or in 2 to 5 days old cultures (according to the cell type) in Petri dishes (Io 6 cells for seeding). The virus was adsorbed at 37 ° for 60 min. ; the inoculum volume was o'3 ml./dish or o.I ml./tube. The non-adsorbed virus was measured after mixing excess inoculum with five successive washings of the monolayers. Virus yield was measured after three cycles of freezing and thawing in the infected cultures and after removal of cell debris by centrifugation. Titres are given in p.f.u.
Infectious centres. Cells were infected (m.o.i. = 3) rinsed 3 times with P.B.S., kept for 3o min. at 37 ° in the presence of antiserum (diluted ~ to IO), then trypsinised and plated on CE.
Interferon. The supernatants of infected cells (m.o.i. = 3) were collected 48 hr after infection, kept at pH 2. 3 at + 4 ° for 6 days, ultracentrifuged 0oo,ooog for 2 hr) then tested for their interferon content in MA Io4 cells (monkey interferon) and in L cells (mouse interferon) as previously described (Coppey & Markovits, I969) . The action of either interferon was strictly species specific: for example we obtained z56 and 4o96 units respectively of monkey and mouse interferon with one preparation which titred less than z when tested in the opposite system.
Mol. wts of interferons were determined by gel filtration on G-too columns, 30 × ~'8 cm. Samples of ~ ml. of 2o times concentrated interferons were applied and tool. wts were estimated according to Andrews (Andrews, ~964) .
U.v. irradiation was done on confluent monolayers of cells after removal of the medium, using a Philips germicidal tube delivering 25 ergs mm. -2 sec. -1.
RESULTS

Virus growth
Virus production was measured after a single cycle in cells infected at a m.o.i, of 3 (Table 0 Whereas the yields of VSV, Sindbis and vaccinia viruses are comparable in the three cell lines, the yields of NDV and of herpes are about 5o times less in MKS-B than in both CV-I and hybrid cells. To ensure that these differences observed in the titres of NDV and of herpes only reflects differences in virus multiplication, cells were infected at the low m.o.i. of o.o~. Virus yields were measured 3 days later, i.e. after several successive cycles of virus multiplication (Table I) . NDV and herpes multiplication occurred in MKS-B cells, but to a level moo times lower for NDV and about 2o times lower for herpes as compared with the two other lines. The ability of hybrid cells to support multiplication of both viruses was found to be a stable property between passages 29 and 63 of subcultivation.
These observed differences in the yield of both viruses using MKS-B, CV-I and MK-CV m clone 4 cells were not attributable to differences in the virus adsorption (Table z) 
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that of infected cells producing herpes was 8 to IO times less in MKS-B than in CV-I and hybrid cells (Table 2) . From these data we calculated than the average yield of NDV was about o.I p.f.u./cell in MKS-B, IOO p.f.u./cell in CV-I and 7o p.f.u./cell in MK-CV m clone 4, whereas the yield of herpes was about 2 p.f.u./cell in MKS-B, and I6o p.f.u./cell in CV-I or in MK-CV m clone 4 cells. 
U.v. sensitivity of the capacity for ND V and herpes production
To define the role of the monkey part of the hybrid line in supporting the multiplication of NDV and herpes, we irradiated the cells with u.v. just before infection, and measured the subsequent virus yield. Our purpose was to try to dissociate by u.v. the DNA directed cell functions concerned with the capacity to support virus growth, because the DNA is the main target ofu.v, and we hoped that u.v. would modify virus production in MKS-B and CV-I cells differently. This was the case for NDV, as clearly shown in Table 3 : u.v. irradiation of the cells up to IOOO ergs mm -~ increases the virus yield in MKS-B but decreases it in both CV-I and in MK-CV m clone 4 at the same rate. Therefore, the capacity of hybrid cells exhibits exactly the same u.v. sensitivity as that of CV-I, which is quite different from that of MKS-B. On the other hand, the u.v. sensitivity of the ability of the three cell lines to support herpes growth are all different, MKS-B being the most resistant and MK-CV m clone 4 the most sensitive (Table 3) .
Interferon production
It has already been shown that different hybrid lines produce two types of interferon after infection by NDV. These interferons carry the same species specificity as those of the parental lines (Guggenheim, Friedman & Rabson I968; Carver, Seto & Migeon, 1968 i,o24 to 4,096 32 to 64 128 (M.W. = 39,ooo)* 2 to 8 8 to 32 < 2 < 2 (M.W. = 50,000)* ( )* = Molecular weight of samples of NDV induced interferon (for hybrid cells at passage 32). The samples were 2o times concentrated before G-Ioo filtrations.
We also found that MK-CV m clone 4 produces both high levels of mouse and low levels of monkey interferon after infection by either NDV or Sindbis virus (Table 4) : the yield of monkey interferon was roughly I ~ of that of mouse interferon. Using replicative form (RF) of mengo virus RNA (a gift of Dr E. Falcoff) (Falcoff & Falcoff, I969) or poly rIrC as inducers, we found that hybrid cells produce mouse interferon, but not monkey interferon, in detectable amounts (Table 4 ). This last result probably means that the ratio of monkey interferon to mouse interferon is an intrinsic property of these hybrid cells and not of the type of inducer used. Moreover for all these inducers, hybrid cells always produce mouse interferon to the same extent as do MKS-B, whereas they produce 5 to 15 times less monkey interferon than CV-I cells after infection by NDV or Sindbis. These results are in good agreement with the fact that MK-CV m clone 4 contains only a partial complement of monkey chromosomes and almost the full complement of mouse chromosomes (Cassingena et al. 1971 
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The tool. wts of monkey and mouse interferons produced by these hybrid cells at passage 32 as measured on Sephadex G-Ioo are the same as those from corresponding parental lines (Table 4) , namely 5o,ooo and a slight excluded peak for monkey interferon, and 39,00o for mouse interferon. Furthermore, after re-chromatography on G-Ioo of each peak from a hybrid interferon preparation it was not possible to show any intermediate peak, which would correspond to a hypothetical ' hybrid interferon' as suggested by others (Carver et al. r968 ).
DISCUSSION
For two unrelated viruses, NDV and herpes, we have shown that a monkey-mouse hybrid line is as permissive as its parental monkey line, CV-I, whereas its parental mouse line, MKS-B is weakly permissive (small yield of viruses per cell and, moreover, for herpes a small percentage of infected cells yielding virus). This weak permissiveness, ~ although unexplained, is probably not connected with two characters of MKS-B, namely lack of thymidine kinase activity (TK-) and SV4o transformed state (Dubbs et al. 1967) : we have found for NDV as well as for herpes that (a) LM (TK+) mouse cells are as permissive as LM (TK-), and (b) that the same holds true for CV-I compared with CV-I LL 'E 46', a CV-I transformed line (Table 0. The n.y. sensitivity of the capacity to support the multiplication of NDV differed between CV-I and MKS-B cells, but was the same in hybrid cells as in monkey CV-I cells. Because the cell DNA is the main target for u.v. in the low dose range employed in these experiments (Coppey & Markovits, 1969) , the last result indicates that the permissiveness of hybrids for NDV is a property conferred by its monkey chromosomal complement, a conclusion similar to those of Wang et al. (I97O) for a human-mouse hybrid infected with poliovirus and of Basilico et al. U97o) for a mouse-hamster hybrid infected with polyoma virus.
Although the mechanism (s) by which u.v. irradiation of ceils modify their capacity to support virus multiplication is unknown, this result also suggests that NDV replicates using at least some of the monkey functions of these hybrids.
